A study has been conducted to illustrate examples of water quality problems to vulnerable communities in Limpopo Province of South Africa (SA) and management practices and strategies. Pollution of water sources is a major threat to the scarce water resources in the province. This severely affects water quality and impacts negatively on public health particularly in remote rural communities that are rarely supplied with treated municipal water. Such communities rely on directly abstracted untreated water from rivers, boreholes, springs and rainwater harvesting. Cases of acute diarrhea and dental fluorosis have been shown to result from significant levels of fecal coliforms and fluorides respectively. The study shows that though water quality management strategies based on legal frameworks exist, lack of technical capacity and adequate finances, etc, at the municipality hinder efficient implementation.
Introduction
South Africa's scarce water resources are under threat due to extensive pollution. This affects the resource directly by making the water less acceptable for consumption (either for food production or any other identified use), depending on the extent, severity, and temporal nature of the pollution (Department of Environmental Affairs and Tourism [1] ). For domestic use, typical pollutants of South Africa's water resources include effluent released by the growing industrial sectors, domestic and commercial sewage, acid mine drainage, faecal contamination linked to insufficient infrastructure and leaking sewers, domesticated animals grazing too close to water sources, agricultural runoff, and litter (Department of Environmental Affairs and Tourism [2] ). Limpopo Province is an example of a predominantly rural and one of the poorest provinces in South Africa, with scarce water resources. Almost all the water resources in the province are nearly fully developed with all available water being already allocated and there are limited options for further resource development, due to the arid climate, unfavourable topography, sandy rivers as well as limited potential for increased groundwater abstraction (Limpopo DFED [3] ). The scarce water resources in the province are under threat due to extensive pollution. This study illustrates examples of water quality problems to vulnerable communities in Limpopo Province of South Africa and management practices and strategies. Though a number of studies on water quality problems in Limpopo Province of South Africa have been conducted, there is still a need to document them, suggest possible remediation measures and management practices and strategies. This aids in minimizing water quality problems and possibly prevents any future pollution of the scarce water resources. Thus, the current study is aimed at describing water quality problems to vulnerable communities in Limpopo Province of South Africa, and providing possible remediation measures and management practices and strategies.
Data acquisition and review
Available information from different case studies on water quality problems in Limpopo Province and management strategies, legal and institutional frameworks were obtained from print and electronic media. The information was reviewed and inferences drawn particularly with regard to vulnerability and risks to water quality problems in Limpopo Province. An example of a typical current water use practice was photographed in the field to illustrate untreated water abstraction practices that have potential risks and vulnerabilities. The practical implementations of legal, institutional and strategic frameworks were also reviewed to determine their impact on water quality monitoring and management. Different intervention measures were proposed to manage specific health risks and vulnerabilities.
Water quality problems to vulnerable communities in Limpopo Province
There are indications that up to 27% of boreholes in Limpopo Province have water quality that is marginal or poor for domestic use and causing it to have a number of limitations for crop irrigation (FAO [4] [7] ). Hard water causes impairment of lathering and corrosion of household appliances (DWAF [7] ). Hard water, however, has no impact on human health at concentrations below the maximum allowable limit of 200 mg/L of calcium carbonate (DWAF [7] ).
Nitrates commonly generated from waste water, agricultural effluent from fertilizers and livestock feed-lots, waste disposal sites, urban sanitation, and cemeteries is the single most important reason for groundwater resources to be deemed unfit for human consumption in South Africa [4, 8] . High nitrate concentrations in groundwater occur mainly in a wide band stretching northeasterly from the Northern Cape, through the Northwest Province into the Limpopo Province (Tredoux [9] ), which have large rural populations which are exposed to the risks involved with ingesting nitrate contaminated water (Tredoux et al. [10] ). The rural communities in the Luvuvhu River Catchment use pit latrines for sanitation and the high concentrations of nitrates in these facilities are likely to contaminate groundwater. Nitrates contamination of groundwater is a serious threat to public health and high levels can lead to methamoglobinemia (blue baby syndrome), a disease found especially in infants less than six months but also can affect the adults (Chand et al. [11] ). Tredoux et al. [10] confirmed the high nitrate and potassium concentrations in boreholes located in rural areas of the Limpopo, North West and Northern Cape Provinces. Groundwater in the Kutama and Sinthumule districts of Venda is also contaminated with nitrates derived from agricultural activities under a dry land cropping system (Connelly and Taussig [12] Mudau [16] investigated the effect of the location of pit latrines from the boreholes, soil type (geology) and terrain on groundwater quality in Mandala, Milaboni, Siloam and Tshikombani Villages in Nzhelele River Catchment. From the results obtained, the study concluded that the total microbial quality of borehole water in all the selected points was poor, unsafe and unacceptable for human consumption. This was because the high numbers of indicator organisms detected revealed that the microbial quality of borehole water sources were higher than the recommended minimum standard limits set by the South African Water Quality Guidelines in DWAF [14] .
A survey of the microbiological quality of water from 194 boreholes (97 privately owned and 97 communal boreholes) in the rural Tshitale-Hlanganani area of the Limpopo Province, South Africa was carried out between August 2002 and August 2003 (Potgieter et al. [17] ). The average counts for total coliforms, faecal coliforms, faecal enterococci and clostridium perfringens exceeded the South African recommended guideline limits. The microbial water quality from the Chunies River in Limpopo Province is unacceptable for domestic use throughout the course of the river due to faecal and coliform pollution. Many South African rural dwellers use untreated water domestically and are more at risk of the devastating effects of diarrhoea since diarrhoeacausing organisms may be transmitted as a result of poor quality of water, inadequate sanitation, and hygiene (Bessong et al. [15] ). Diarrhoea which is a common complication of HIV infection is further compounded by lack of potable water supply and lack of good hygienic practices in most rural communities of the Limpopo Province (Obi and Bessong [18] ). Studies such as, [18] [19] [20] , highlighted a possible link between diarrhoea in HIV/AIDS patients (with compromised immunity) and poor water quality in rural communities in the Limpopo Province.
Groundwater quality can be affected on a local scale by the mineralogy of the geological formations in contact with the water (DWAF [21]). Groundwater supplied to communities north of Soutpansberg fails to meet domestic water quality standards because of high salinity (FAO [4] ). The geology of Luvuvhu River Catchment has a potential to contribute to water pollution. The geology of the Soutpansberg Mountains, where the Luvuvhu River and its tributaries originate from, contains minerals such as copper, iron, refractory flint, salt, sillimate and coal according to literature review by Odiyo et al. [22] . The land uses (agriculture and human settlements) in the Luvuvhu River Catchment have the potential for causing water pollution. The irrigated agricultural schemes mostly produce fruits and vegetations which require a lot of pesticides and fertilizers for their production. Fertilizers containing inorganic nitrates, originating from fertilizers containing potassium nitrate and ammonium nitrate, can be hazardous at high concentrations and can ultimately be detrimental to the health of children, nursing mothers, the elderly and those with compromised immune systems (Tredoux and Talma [23] ).
A survey done in Siloam Village by Mashai [24] shows that of the 87% of the households that use groundwater, 85% had members with mottled teeth. 50% of school learners between the ages of 11-14 also had mottled teeth in 2007, due to high levels of fluorides. A typical example of untreated groundwater abstractions for domestic use is shown in Figure 1 . Aneck-Hahn et al. [25] confirmed the oestrogenic activity due to endocrine disruption chemicals (EDC) in drinking water from rural areas in the Waterberg District, Limpopo Province, South Africa. Water in the rural areas is often contaminated with a complex mixture of toxic compounds originating from nearby industries, agriculture and households which are believed to disrupt normal endocrine function in humans and animals (Aneck-Hahn et al. [25] ). The study argued that EDC exposure partly contributes to the high incidence of stunted growth in the study population.
Possible remediation measures
In typical rural areas where they cannot afford the conventional water treatment technologies and do not have adequate skills to operate and/or maintain them, household water treatment is an alternative means of providing potable drinking water. For example, for removal of fluorides from drinking water, defluoridation normally accomplished by adsorptive and precipitation processes can be conducted. A number of defluoridation methods have been documented in studies such as, [26] [27] [28] [29] , among others. Feenstra et al. [29] identified the nalgonda process, bone charcoal and calcined clay as low cost methods that can be applied in treating water for small scale domestic use particularly in rural areas. Piñón-Miramontes et al. [30] reported the use of cake alum as defluoridator, which is a low cost method that can also be applied in rural areas. These methods can be used to reduce the high fluoride concentrations in groundwater in rural areas.
For reducing microbial organisms, Obi [31] proposed physical methods that can be used for treatment of household water in rural communities. These methods include storage and settlement, boiling and filtration. Schutte [32] also recommended boiling of water before use, use of home bleach and other chlorine compounds, exposure to sunlight, use of home filters (followed by disinfection) and use of natural coagulants (followed by disinfection). Any of these methods can be used to treat water in rural villages before domestic use depending on what each household prefers or can afford. This requires that the rural communities be educated on point of use or points of abstraction treatment of water to potable standards.
Management practices and strategies
Solving water quality problems requires strategies to prevent, treat, and remediate water pollution. Water resource management, including water quality management, is an exclusive National competency. As such, water quality management is the responsibility of the Minister of Water Affairs. The South African National Constitution (Act 108 of 1996) states that every citizen has the right to access adequate water that is not harmful to health. The constitution says "it is every person's right to have access to clean water". This places an obligation on those charged with the provision of water to communities at all times and implies that the quality at the point of consumption should be monitored closely. The Water Services Act (No. 108 of 1997) gives substance to constitutional requirements with respect to access, national norms and standards and institutional framework for provision of water services. It states that drinking water quality should comply with prescribed National Drinking Water Standards (SANS 241 Drinking Water Specification) and requires consumers Services Regulations (Regulation 16 of Section 9 of the Water Services Act) to monitor consumer comments and complaints, thereby providing valuable information on potential problems that may not have been identified. The Water Services Act, therefore, makes it mandatory that consumers including rural communities be involved in water quality monitoring and management.
The National water Act (No. 36 of 1998) is the principal legal instrument in South Africa and contains comprehensive provisions for the protection, use, development, conservation and management and control of South Africa's water resources. Municipal Structures Act (No. 117 of 1998) provides for functions and powers of municipalities and other local government structures in provision of services including water.
The Strategic Framework for Water Services (DWAF [33] ) encompasses a number of tiered planning strategies that are inter-linked so as to inform one another; and incorporates a national implementation strategy which covers both the management and allocation of water. Essentially the implementation strategy is described in 2 pieces of legislation: the National Water Resource Strategy (DWAF [21] ) and the Catchment Management Strategy (DWAF [35] ). It sets out a comprehensive approach with respect to the provision of water services in South Africa, ranging from small community water supply and sanitation schemes in remote rural areas to large regional schemes supplying water and wastewater services to people and industries in largest urban areas (DWAF [33] ).
At the local government level, the primary responsibility for ensuring the provision of safe drinking water rests with Water Services Authorities (WSAs). The legal responsibility of WSAs as outlined in Hodgson and Manus [36] are to:
• Monitor the quality of drinking water provided to consumers • Compare the results to national drinking water standards (SANS 241) • Communicate any health risks to consumers and appropriate authorities The National Water Resources Strategy (DWAF [21] ) describes the strategies, objectives, plans, guidelines and procedures and the institutional arrangements necessary for the protection, use, development, conservation, management and control of South Africa's water resources.
WSAs fail to comply with compulsory national standards for the quality of potable water (Mackintosh et al. [37] ). In recognition of these challenges, a Drinking Water Quality Framework was proposed for South Africa to enable effective management of drinking water quality to protect public health (DWAF [34] ). The framework promotes an understanding of the entire water supply system, the events that can compromise drinking water quality and the operational control necessary for optimizing drinking water quality and protecting public health. However, the framework also recognizes the challenges facing WSAs in South Africa, and advocates a continual incremental improvement approach towards long-term targets (Hodgson and Manus [36] ). The framework was also formulated due to the need for immediate action, the perceived lack of resources and capacity within certain WSAs to conduct the required drinking water quality monitoring and management, and the perceived lack of understanding of these WSAs regarding governance requirements, responsibilities and accountabilities.
Water quality problems arising from developing communities can be managed, using an integrated approach based on scientific investigation, community involvement and engineering expertise, in order to minimize pollution problems to the extent that the receiving water environment objectives can be maintained on a sustainable basis (Pretorius and de Villiers [38] ).
A study by Palaniappan et al. [39] noted that "Despite these reforms, data from 2004 showed that only less than 50 percent of water service providers had drinking water quality monitoring programmes in place. The government also developed the "Blue Drop" status, which is awarded to water service providers who are at or above 95 percent compliance with standards. In 2009, 100 percent of the municipal authorities had water quality monitoring programmes in place, though only 18 municipalities have been awarded Blue Drop status out of over 150 municipalities." Thus, though water quality management strategies exist, lack of technical capacity and adequate finances, etc, at the municipality level hinder efficient implementation.
Numerous water-monitoring programmes are being undertaken by the different spheres of government. Examples include the DWAF's national water quality and microbial monitoring programmes, the River Health Programme and monitoring by local authorities and service providers (Department of Environmental Affairs and Tourism [1]). DWAF [40] developed a water strategy and 5-year work plan for the Limpopo Province which includes high-level strategic objectives for the province. One of the strategic goals is to ensure water resource allocation and development to meet the needs of the province which also focuses on improving water quality and its management.
Conclusions
The study reviewed water quality problems in rural areas of Limpopo Province, South Africa and gave examples of communities that are vulnerable to such pollution and the associated health threats. Land use activities such as effluent released by the growing industrial sectors, domestic and commercial sewage, acid mine drainage, faecal contamination linked to insufficient infrastructure and leaking sewers, improperly sited sanitation systems, domesticated animals grazing too close to water sources, agricultural runoff, and litter and natural sources such as geology contribute to water pollution. Cases of acute diarrhea and dental fluorosis in rural areas have been shown to result from significant levels of fecal coliforms and fluorides respectively. Household treatment of water for domestic use has been found as an alternative way for providing potable drinking water. The review showed that there are extensive and comprehensive policy, legal, technical and institutional frameworks to support water quality monitoring and management in South Africa. However, there is inefficient implementation due to lack of technical capacity and adequate finances, etc, at the municipality level. 
